Study design: A case report of primary malignant peripheral nerve sheath tumor (MPNST) of the cauda equina in a child is presented, and the literature is reviewed. Objective: To discuss the problems involved in the treatment of primary intradural MPNSTs. Setting: A department of orthopaedic surgery in Japan. Methods: A 4-year-old boy complained of low-back pain radiating to the left calf. MRI revealed an intradural tumor at L3-L5 level. Following laminectomy of L3, L4 and L5, the tumor was removed en bloc. Based on pathological and immunohistological findings, the tumor was diagnosed as an MPNST. Results: Although adjuvant chemotherapy was administered local recurrence and cerebral and spinal metastases of the tumor were found 6 months after the operation. Following additional incomplete removal of the recurrent tumor, radiation therapy was administered. Although recurrent and metastatic tumors disappeared or diminished in size by radiation, tumors increased in size thereafter, despite additional adjuvant chemotherapy. At 21 months after the first operation, he died of pneumonia. Conclusions: Reported clinical outcomes for patients with primary intradural MPNST are very poor. Although no gold standard for the treatment of tumors has been established yet, surgical removal of tumors combined with postoperative high-dose radiation may be recommended.
Introduction
Malignant peripheral nerve sheath tumor (MPNST) is a spindle-shaped cell sarcoma originating from Schwann cells, fibroblastic cells or perineural cells in peripheral nerves 1 and tends to occur in the subcutaneous soft tissues and muscles in the extremities and trunk. This tumor is frequently complicated by neurofibromatosis type I, von Recklinghausen disease. [2] [3] [4] [5] [6] [7] [8] [9] The tumors are usually developed from the sciatic nerve, brachial plexus and sacral plexus. Although large MPNSTs of the thoracic or abdominal cavity may sometimes exhibit secondary spinal involvement, 10 primary intradural MPNSTs are very rare [11] [12] [13] [14] and have never noted in a child without neurofibromatosis. In this report, we present a case of primary MPNST of the cauda equina in a child without evidence of neurofibromatosis on physical examination who was treated by surgery, chemotherapy and radiation therapy and discuss the problems involved in the treatment of this tumor.
Case
A 4-year-old boy was admitted to our hospital complaining of severe low-back pain and calf pain on the left side. On admission, urinary dysfunction was observed. The patellar and Achilles tendon reflexes were diminished bilaterally. Neither sensory abnormality nor muscle weakness was noted in his upper or lower extremities. No cranial nerve palsy, convulsions or clouding of consciousness was observed. There were no superficial stigmata of neurofibromatosis, including cafe´-au-lait spots or terminal nerve twigs. Laboratory data were within normal limits. He had no previous medical history or family history of neoplastic disease or neurofibromatosis.
Neither radiographic nor CT examinations revealed distinct abnormalities, such as kyphoscoliosis, vertebral scalloping, widening of neural foramina or the spinal canal or erosion of pedicles, in the lumbar spine. MRI revealed a tumor with nonuniform isointense signal on T1-weighted and T2-weighted images in the lumbar spinal canal from L3 to L5. Gadolinium-enhanced MRI revealed enhancement of the tumor except in multiple foci of high intensity (Figure 1) .
Total removal of the tumor was performed. Following laminectomy of L3, L4 and L5, a longitudinal incision was made on the center of the exposed dura. A dark-red soft tumor, 6 cm in length and 1.5 cm in diameter, protruded over the entire area. The cauda roots were severely compressed by the tumor. Following resection of the cauda root with a distinct connection to the tumor, the tumor was gently detached from adherent cauda roots using a spatula and then removed en bloc. After surgery, low-back pain and calf pain disappeared and urinary dysfunction was improved.
On microscopic examination, the tumor exhibited hypercellularity and increased mitotic activity. A large number of spindle-shaped cells having a high nuclear-tocytoplasmic ratio were arranged in short and long fascicles ( Figure 2) . A small number of round-and ovalshaped cells were diffusely observed. Immunohistologically, the tumor cells were strongly positive for vimentin staining and positive for a-smooth muscle actin (SMA). Few cells were positive for S-100 protein. Based on these pathological and immunohistological findings, the tumor was diagnosed as an MPNST.
The patient received intravenous chemotherapy after the operation. The protocol consisted of six cycles of intensive multiagent chemotherapy with use of vincristine sulfate (1.5 mg/m 2 of skin in dose per one cycle), cyclophosphamide (600 mg/m 2 of skin in dose per one cycle), and pirarubicin hydrochloride (30 mg/m 2 of skin in dose per one cycle). Recurrence of the tumor was not found on MRI examinations performed until 4 months after the operation.
At 6 months after the operation, however, enhanced masses were observed in the lumbar dural tube on enhanced MRI, and the patient began to complain of low-back pain radiating to the left calf, muscle weakness in both lower extremities and urinary dysfunction again. Removal of the recurrent tumor was attempted. However, the conus medullaris and most of the caudal roots could not be separated from the tumor mass, since the tumor was severely adherent to them. Thus, partial removal of the tumor was performed. The tumor exhibited exactly the same histopathological features as described above.
At 1 month after the second operation, MRI revealed an enlarging recurrent tumor in the lumbar spine and 
Discussion
MPNSTs account for 5% of malignant soft-tissue tumors in the extremities and trunk, and have an estimated incidence of 0.001% in the general population. 4, 15 The mean age of patients with tumors at diagnosis was 31.6 years as reported by Kourea et al, 10 34.0 years as reported by Ducatman et al, 4 and 37.4 years as reported by Wanebo et al. 16 Reports of these tumors in children are rare. [17] [18] [19] [20] MPNSTs located in the extremities and trunk are usually high-grade and clinically aggressive, and the prognosis of patients with them is poor. Wanebo reported that five patients with primary intradural MPNST died between 2 months and 6 years after surgery with widespread metastatic disease. They noted that local recurrence and metastases were the rule even after seemingly total removal. Thomeer et al 12 also noted that apparent radical surgery of these tumors yielded disappointing results. On the other hand, Acharya et al 14 reported that a patient with MPNST in the cauda equina attained significant recovery after 18 months of surgery. Valdueza et al 13 also reported that two of three patients with complete removal of their tumor were alive with free of disease. However, their follow-up period was short, 7 months in one patient and 8 months in the other. The reported cases with primary intradural MPNST are summarized in Table 1 . In the present patient, surgical en bloc resection of the tumor was performed. However, local recurrence and intradural metastases of the tumor was found postoperatively. In the narrow spinal canal, radical excision of tumor with a margin of normal tissue is hardly ever In general, adjuvant radiation therapy has been believed not to significantly alter the survival of patients with MPNSTs located in the trunk and extremities. 6, 17, 22 Recently, however, the role of radiation therapy in treatment of peripheral MPNST has been expanding, and many authors support the use of adjuvant radiation therapy even with clear surgical margins. 5, 18, [23] [24] [25] [26] [27] Efficacy of radiation therapy for the treatment of primary intraspinal MPNSTs was reported by Valdueza et al, 13 who noted that decompression combined with postoperative high-dose radiation appeared to be the best therapy in patients who could not undergo radical tumor excision. They reported two patients who underwent incomplete surgical removal of tumors followed by local radiation. One of them was alive with disease 4 years after surgery and the other was alive with disease 10 years after surgery. They also noted that radiation should be administered after local recurrence. Acharya et al 14 also described that postoperative radiotherapy might help eradicate or suppress the residual tumor growth. However, the outcomes in other series with use of radiation therapy after surgical removal of tumors were poor. 11, 12 The observed difference in efficacy of radiation therapy may be due to differences in histological grade of malignancy. It was reported that lack of immunoreactivity against S-100 protein probably reflects low degree of differentiation in these tumors, corresponding to poor clinical outcome. 11 In the present patient, few tumor cells exhibited positive immunoreactivity for S-100 protein. Thus, although recurrent and metastatic tumors disappeared or diminished in size by radiation, tumors increased in size thereafter, despite additional adjuvant chemotherapy. For tumors with a low grade of malignancy, however, adjuvant radiation therapy may be useful. Following surgical removal of tumors, therefore, high-dose radiation may be administrated to patients with these tumors. To avoid radiation myelopathy, however, no more than 50 Gy in total dose should be administered at each level.
For patients with MPNSTs located in the extremities and trunk, it was reported that adjuvant chemotherapy has not convincingly been proven to be successful 4, 17, 21 and should be limited to desperate cases of disseminated metastatic disease. [27] [28] [29] However, no investigator has reported the role of adjuvant chemotherapy in treatment of primary intradural MPNST. It was reported that the most common sites for metastatic spread after removal of intradural MPNSTs were the lungs and liver in patients not treated by chemotherapy. 11 Although the role of chemotherapy is unclear, no lung or liver metastasis was observed in our patient after chemotherapy. However, local recurrence and intradural metastasis could not be avoided and were not improved with the use of various antiblastic agents despite their penetrating into cerebrospinal fluid. Therefore, it remains unclear whether adjuvant chemotherapy following surgical removal should be performed for the treatment of primary intradural MPNST.
In conclusion, we treated a child with primary MPNST of the cauda equina by surgery, radiation and adjuvant chemotherapy and obtained a disappointing result. Although no gold standard for the treatment of primary intradural MPNST has been established yet, surgical removal of tumors combined with postoperative high-dose radiation may be recommended. 
